Titanium alloys are widely used in aerospace industry due to their excellent mechanical properties. Because of their low thermal conductivity, high chemical activity, large friction coefficient and so on, such problems occur during the cutting process as high cutting temperature, large specific cutting force and serious tool wear, leading to low machining efficiency. The titanium alloys classified as difficult machining materials. The finite element method is the new method to study the machining process. The FEM method was used to simulate the cutting temperature distribution while machining titanium alloy TC4. The temperature distribution of cutting tool and workpiece-chip were simulated and the simulation results were analyzed.
INTRODUCTION
Titanium alloy is one kind of the high performance important structural material which industrialization production was started from the early 50s. Titanium alloy's advantages are high strength-to-weight ratio, low density, and excellent corrosion resistance. Titanium alloys have been widely used in aviation, aerospace, navigation and other industrial areas due to the good mechanical performance [1, 2] . But the most application of titanium alloy is in jet engine and airframe components. The amount titanium alloys used in the US fourth generation Fighter F-22 was accounted for 41%, and it also reached 23% and 18% in French Mirage 2000 and Russia's Su-27 respectively [3] . In addition, titanium alloys are extensively used in civilian industry, such as the automobile industry, chemical industry, construction, pipe, biomedical, etc.
The high temperature is the most reason which leads to the tool failure among these problems. Therefore it has vital significance to study the variation of cutting temperature while machining TC4 for monitoring cutting process, tool wear, machine fault, chatter and then control the cutting process. Numerical models are very important in the machining process comprehension and for the reduction of experimental tests necessary for the optimization of cutting conditions, tools geometries and other parameters like the choice of the tool material and coating [4] . None of the analytical models can predict with enough precision the adequate conditions of a machining practical situation. Numerical models are interesting candidates because they might explain the observed phenomena and help in defining the optimal cutting conditions.
In this paper the finite element method was used to simulate the cutting process while machining titanium alloy TC4. and the temperature distribution of the cutting tool and workpiece-chip were simulated analyzed .
FINITE ELEMENT MODEL

Flow Stress Model
The elastic-plastic flow was occurred in the circumstance of high temperature (200 ~ 1000 ℃ or higher), large strain (6 to 20 or higher) and large strain rates (10 3 ~ 10 5 s -1 or higher) while machining metal materials. Therefore, it is the key problem to establish a rational material flow stress model based on comprehensive consideration of various factors on the impact of the workpiece material flow stress in the cutting simulation process. The flow stress in the cutting plastic deformation zone was related with the strain, strain rate, cutting temperature and the material microstructure characteristics. The flow stress model most commonly used in the cutting process was the Johnson-Cook model with form of equation (1) : 
Where T is the workpiece temperature, 0 T and m T are respectively the material melting and room temperature.
A, B, C, n and m are constitutive constants. The flow stress model used in the simulation was obtained by the orthogonal cutting experiments and finite element simulation which suited for the large strain and large strain rate conditions [5] . 
Tool-Chip friction model
The friction between cutting tool and chip in the cutting process is more complicated. In the metal cutting simulation process, the Coulomb friction model was commonly used for the simulation model. The coefficient of friction between the tool-chip can be expressed by cutting force and feed force as:
The friction coefficient used in this paper was referred from literature [6] and expressed as equation (5) : 0.932 0.001v
Fracture Criterion
Ductile fracture of metals generally refers to the macroscopic fracture of metallic materials after severe plastic deformation (crack size of about 0.1mm above). The choice of the ductile fracture criterion and the parameters of criterion has an important effect on the chip formation and chip separation in machining process simulation. [7, 8, 9] . the Freudenthal model of criteria model was usually used in the titanium alloy TC4 simulation [12] 
Where  was the flow stress,  was the equivalent strain, f  was equivalent strain, 2 c was a material constant which was the relevant statistical quantities and some properties of the material itself that was constant in practical applications. The Guidelines for the derivation of the expression was associated with the yield criterion, flow rule, the equivalent strain functional form, linear strain path assumptions and strengthen the law. The accuracy of the material constants in the fracture criterion has a direct impact on the accuracy of the simulation results. The material constants 2 c = 100Mpa was used in the simulation.
Material Properties
The Young's modulus of titanium alloy TC4, heat conduction coefficient and heat capacity are the function of temperatures. The Poisson's ratio was 0.31. The Young's modulus, thermal conductivity and heat capacity varies with temperature were listed as Table1 and Table 2 . The cutting tool was defined as rigid body in the simulation and only the temperature was calculated in the simulation. Only the heat conductivity and heat capacity were need to define in the simulation model.
Tool material was YS8 carbide cutting tools, its thermal conductivity coefficient: 82.24 J / m • s • ℃; heat capacity value: 0.386 J / g • ℃.
The carbide inserts YS8 with rake angle 20°, clearance angle 7°, edge roundness radius 0.05mm was used for the simulation model and orthogonal machining test. The cutting speeds were: 30m/min, 48m/min, 97m/min, 150m/min.
TEMPERATURE SIMULATION RESULTS OF THE WORKPIECE AND CHIP
The temperature distribution of the workpiece and chip at different cutting speed were shown as figure 1. The part of the heat generated from the shear plane source flow into the workpiece, the other part flow into the chip. therefore the temperature of the chip, cutting tool and workpiece increased. The maximum temperature was the contact with the underside of the rake face (as shown in the figure) . the farther from the underside, the temperature is lower. The highest temperature in the chip undersides because of the highest deformation of the underside layer of the metal. With the increase in cutting speed, the temperature gradient of the chip cross section becomes larger, especially parts of the chip with the tip. 
TEMPERATURE SIMULATION RESULTS OF THE CUTTING TOOL
The temperature distribution of the cutting tool was shown as figure 2. It can be seen from the figure that the maximum temperature occurred at the rake face which locate at a certain distance from the cutting edge, which called the temperature centre. This is because the cutting temperature is a gradual process of accumulation of plastic deformation and friction continues to accumulate, leading to the highest point of the cutting temperature in the tip not far away. Farther from the temperature center the lower the temperature, temperature central region is also a tool crater wear easy to form. The wears of rake face usually begins at the temperature centre and gradually extend out over the time.
CONCLUSIONS
The finite element model was established to simulate the cutting process of titanium alloy TC4. The temperature distribution of the cutting tool and workpiece-chip were simulated and analyzed. The simulated results indicated that the FEM model can simulate cutting temperature well. 
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